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 Chapter 2 
 InfoGest Consensus Method 
 Alan  Mackie and  Neil  Rigby 
 Abstract  This section describes the consensus static digestion method developed 
within the COST Action InfoGest. Simulated gastro-intestinal digestion is widely 
employed in many fi elds of food and nutritional research. Various different diges-
tion models have been proposed, which often impedes the possibility of comparing 
results across research teams. For example, a large variety of enzymes from differ-
ent sources such as porcine, rabbit or human have been used and these differ in their 
activity and characterization. Differences in pH, mineral composition and digestion 
time that alter enzyme activity and other phenomena may also signifi cantly alter 
results. Other parameters such as the presence of phospholipids, specifi c enzymes 
such as gastric lipase and digestive emulsifi ers, etc. have also been discussed at 
length. In this section, a general standardised and practical static digestion method 
is given, based on physiologically relevant conditions that can be applied for various 
endpoints. A framework of parameters for the oral, gastric and small intestinal 
digestion is outlined and their relevance discussed in relation to available in vivo 
data and enzymes. Detailed, line-by-line guidance recommendations and justifi ca-
tions are given but also limitations of the proposed model. This harmonised static, 
in vitro digestion method for food should aid the production of more comparable 
data in the future. 
 Keywords  In vitro •  Digestion •  Oral •  Gastric •  Small intestinal 
2.1  Introduction 
 The static protocol for simulating digestion in the upper GI tract published by 
InfoGest and led by Andre Brodkorb was the result of more than 2 years’ work 
involving extensive discussion among scientists from a wide range of relevant dis-
ciplines (Minekus et al.  2014 ). The fi nal consensus recommendation is relatively 
simple, based on physiological parameters that have been cited and is widely 
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supported by those undertaking in vitro digestions, especially in food research. 
In keeping with the requirement for simplicity but not oversimplifi cation discussed 
in the general introduction to this chapter, this is a static model using values of pH, 
ionic composition endogenous surfactants and enzyme activity that are fi xed at the 
start of the experiment. All aspects of digestion in the upper GI tract were consid-
ered in the development of the method and the reasons for the inclusion or exclusion 
of specifi c features will be discussed below. The method comprises up to three 
stages that mimic the oral, gastric and small intestinal phases of digestion in vivo. 
At each stage the duration and physical and biochemical environment are described 
and the reasons for their selection given. The enzymes recommended for inclusion 
are described using their IUBMB Enzyme Nomenclature and the method has been 
written in such a way as to allow the sourcing of material from any suitable supplier. 
The method is outlined in the fl ow diagram given in Fig.  2.1 . All enzyme activities 
and other concentrations are given per mL of digesta as they will fi nally be used. 
2.2  The Oral Phase 
 The oral phase of digestion is where solid foods are physically broken down through 
the process of chewing. Residence time is short, especially for liquid or semi-solid 
foods, and solids are mixed with saliva to form a bolus with a paste-like consistency 
before swallowing. In addition to processing there is a great deal of sensing, including 
taste, texture, aroma, etc. However, most of these functions do not affect digestion in 
any tangible way and so for the purposes of the method they have been ignored. The 
exception to this is the texture, which in vivo is continually assessed and generally 
only when particles of food have been reduced to 2 mm or smaller will the bolus be 
swallowed (Peyron et al.  2004 ). Before the oral phase is started a decision needs to be 
made about what kind of processing is to be included as shown in Fig.  2.1 . On the face 
of it this seems simple as liquid samples don’t need to be chewed and so can simply 
be mixed with simulated salivary or gastric fl uid and passed to the gastric phase while 
solid samples go through the full oral phase as outlined below. However, the user 
needs to decide where the boundary between solid and liquid lies and whether the 
addition of salivary amylase is important for their sample. 
 In addition to chewing the other important factor for solid food is the addition of 
saliva, which contains a broad range of ions, proteins and peptides, only some of 
which are directly relevant to digestion (Humphrey and Williamson  2001 ). Saliva 
also contains the enzyme α-amylase (EC 3.2.1.1) but not lingual lipase as is often 
quoted. There is general interest in the importance of mucin in saliva (Sarkar et al. 
 2009 ) and much debate about whether it is important to add it or not. There are two 
types of mucin secreted into saliva MUC5B and MUC7 although there is none in 
parotid saliva. Mucin represents less than 20 % of the total protein in whole saliva, 
which is normally around 0.7 mg/mL (Lee et al.  2007 ). At such low levels as 
0.15 mg/mL, other surface active proteins are more likely to be important than 
mucin for the behaviour of saliva. Also the availability of reliable sources of such 
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salivary mucin would make inclusion diffi cult under normal circumstances. Thus the 
method uses a simulated salivary fl uid (SSF) containing the ion composition given 
in Table  2.1 at pH 7.0 and α-amylase at 150 units per mL of SSF (Bornhorst et al. 
 2014 ; Hoebler et al.  1998 ) but no mucin or other proteins. Here, 1 unit is defi ned as 
liberating 1.0 mg of maltose from starch in 3 min at pH 6.9 at 20 °C and the activity 
 Fig. 2.1  A fl ow diagram describing the InfoGest digestion method involving simulated salivary 
fl uid ( SSF ), simulated gastric fl uid ( SGF ) and simulated intestinal fl uid ( SIF ) 
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should be determined using the method of Bernfeld ( 1955 ). We now have our saliva 
but how do we simulate mixing and chewing of the food in a standardised way? 
After much discussion it was decided to recommend the use of what is known in the 
UK as a mincer, which is commonly used in kitchens to mince raw or cooked meat. 
Having chewed the food, how much saliva do we need to add? On average, unstimu-
lated fl ow rate is 0.3 mL/min but stimulated fl ow rate is, at maximum, 7 mL/min 
(Humphrey and Williamson  2001 ). Stimulated saliva is reported to contribute as 
much as 80–90 % of the average daily salivary production. Thus based on stimu-
lated fl ow, the amount of saliva to add is a 1:1 v/w ratio with the food i.e. 5 g of 
food + 5 mL SSF. The only remaining question is how long should we expose the 
food to the SSF? Although a value of 0.5 min might be close to the situation in vivo, 
the practicalities of handling suggest that in order to be confi dent of reproducing the 
oral phase in a consistent manner, including mixing of saliva, 2 min would be more 
appropriate. The temperature at which the amylase containing SSF is mixed with 
the “chewed” food should of course be 37 °C and the 2 min is the contact time 
between the food and SSF.
 In a typical example: 5 g of solid or 5 mL of liquid food is mixed with 3.5 mL 
of SSF electrolyte stock solution, either during or after mincing, if necessary. Next, 
0.5 mL salivary α-amylase solution of 1,500 U/mL made up in SSF electrolyte 
stock solution (α-amylase from human saliva Type IX-A, 1,000–3,000 U/mg 
protein, Sigma) is added followed by 25 μL of 0.3 M CaCl 2 and 975 μL of water 
and thoroughly mixed. 
2.3  The Gastric Phase 
 Following whatever oral processing has been undertaken there needs to be a gastric 
phase of digestion. Commonly held beliefs about the stomach are that the pH is very 
low (1–2) and that there is a lot of mixing. Neither of these is a useful idea as the pH 
is generally only very acidic in the fasted state and there is only mixing in the small 
region close to the exit of the stomach known as the antrum. The pH in the gastric 
compartment is rather dynamic and is highly dependent of the buffering capacity of 
 Table 2.1  The ionic composition of simulated digestion fl uids 
 Constituent  SSF (pH 7) (mmol/L)  SGF (pH 3) (mmol/L)  SIF (pH 7) (mmol/L) 
 K +  18.8  7.8  7.6 
 Na +  13.6  72.2  123.4 
 Cl −  19.5  70.2  55.5 
 H 2 PO 4 −  3.7  0.9  0.8 
 HCO 3 − , CO 3 2−  13.7  25.5  85 
 Mg 2+  0.15  0.1  0.33 
 NH 4 +  0.12  1.0  – 
 Ca 2+  1.5  0.15  0.6 
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the food (Carrière et al.  1991 ; Dressman et al.  1990 ; Kalantzi et al.  2006 ). However, 
as this is a static method a specifi c value needs to be recommended and this was 
chosen in conjunction with a decision about the duration of the gastric phase. Given 
that the method needs to be broadly applicable, the method recommends 2 h. This 
time represents the half emptying of a moderately nutritious and semi-solid meal 
(Dressman et al.  1990 ) and in order to match the 2 h recommendation for the dura-
tion of the gastric phase the pH we recommend must represent a mean value for a 
general meal over that time. Thus we recommend the use of a static value of pH 3 
combined with the ionic composition outlined in Table  2.1 . In this static model 
the physical environment of the gastric compartment will not be reproduced but 
some mixing is required and this can be supplied either by shaking or stirring the 
sample at 37 °C. 
 The only proteolytic enzyme present in the stomach is pepsin, which is secreted 
in the form of the precursor pepsinogen. Large variations in pepsin activities are 
reported in the literature due to the use of different assays and calculations (Ulleberg 
et al.  2011 ; Armand et al.  1995 ). Based on the literature the recommended activity 
of porcine pepsin (EC 3.4.23.1) is 2,000 U/mL of gastric contents where one unit 
will produce a ΔA 280 of 0.001 per minute at pH 2.0 and 37 °C, measured as TCA- 
soluble products using haemoglobin as a substrate, adapted from Anson ( 1938 ) and 
Anson and Mirsky ( 1932 ). The use of lipolytic enzymes is always more diffi cult and 
whilst the potential importance of human gastric lipase (HGL) is acknowledged it 
has not been included for the following reasons. Firstly, because of the relatively 
low pH, lipid interfaces tend to become saturated and thus gastric lipolysis is gener-
ally limited. Secondly, there is no lipase currently widely available, affordable and 
that has the correct pH and site specifi city. The fi nal recommended option is to 
include phosphatidylcholine (PC) at 0.17 mM in vesicular form (Macierzanka et al. 
 2009 ; Mandalari et al.  2009 ). 
 In a typical example: 10 mL of liquid sample or oral bolus is mixed with 7.5 mL 
of SGF electrolyte stock solution, 2.0 mL porcine pepsin solution of 20,000 U/mL 
made up in SGF electrolyte stock solution (pepsin from porcine gastric mucosa 
3,200–4,500 U/mg protein, Sigma), 5 μL of 0.3 M CaCl 2 , 0.2 mL of 1 M HCl to 
reach pH 3.0 and 0.295 mL of water. 
2.4  The Small Intestinal Phase 
 The fi nal and most complex phase is the small intestinal phase in which the pH is 
again raised to 7 and the gastric effl uent is exposed to a broader range of enzymes 
and surfactants (Kalantzi et al.  2006 ; Kopf-Bolanz et al.  2012 ; Versantvoort et al. 
 2005 ). As with the gastric compartment the intestinal phase duration is 2 h. This is 
again a compromise but is based on normal transit times in the human gut but also 
on the fact that because there is no product removal, inhibition may become a prob-
lem at extended times, especially if there is a signifi cant amount of lipid present. 
The suggested ionic composition for the SIF is again given in Table  2.1 . There are 
2 InfoGest Consensus Method
18
two possible approaches that can be used with regard to the enzymes used. Firstly, 
for reasons of simplicity and cost one can use a pancreatic extract (pancreatin) 
containing all the relevant enzymes but in a fi xed ratio or secondly if preferred one 
can use the individual enzymes (proteases, lipases and amylase). If pancreatin is 
used then the amount to add must be based on a specifi c enzyme activity and we 
suggest that it is based on the trypsin activity and should be added in suffi cient 
quantity to provide 100 U/mL of intestinal phase content. The activity should be 
based on the TAME assay. The pancreatin should also be assayed for its chymo-
trypsin, lipase and amylase activities. Where individual enzymes are to be used the 
following activities should be added per mL of intestinal content. Bovine trypsin 
(EC 3.4.21.4) at 100 U/mL where one unit hydrolyses 1 μmole of  p -toluene-sulfo-
nyl- L -arginine methyl ester (TAME) per minute at 25 °C, pH 8.1, in the presence 
of 10 mM calcium ions (Walsh and Wilcox  1970 ); bovine chymotrypsin (EC 
3.4.21.1) at 25 U/mL  N -Benzoyl- L -Tyrosine Ethyl Ester (BTEE) units where one 
unit will hydrolyse 1.0 μmole of BTEE per minute at pH 7.8 at 25 °C (Bergmeyer 
et al.  1974 ); porcine pancreatic amylase (EC 3.2.1.1) at 200 U/mL where one unit 
will liberate 1.0 mg of maltose from corn starch in 3 min at pH 6.9 at 20 °C 
(Bernfeld  1955 ); porcine pancreatic lipase (EC 3.1.1.3) at 2,000 U/mL where 1 
unit will release 1 μmole of free fatty acid per minute from a substrate of tributyrin 
at 37 °C, pH 8.0, in the presence of 2 mM calcium ions and 4 mM sodium taurode-
oxycholate and excess colipase at a 2:1 molar excess, which is approximately a 
mass ratio of 1:2 colipase/lipase. 
 In addition to the enzymes there are also a range of endogenous surfactants 
including bile salts and phospholipids. These are important in the digestion of both 
protein and lipid and in the case of the latter they are involved in product removal 
to the gut epithelium. They can conveniently be added as a bile extract or as frozen 
porcine or bovine bile. Suffi cient should be added to provide 10 mM bile in the 
fi nal intestinal content (Kalantzi et al.  2006 ). This can be assayed using a number 
of different kits such as the bile assay kit 1 2212 99 90 313 from Diagnostic Systems 
GmbH in Germany (Collins et al.  1984 ). Of course none of the animal bile will be 
a really close match for human bile and it is currently unclear what impact that is 
likely to have on the digestion process. For information, the typical composition of 
human, bovine and porcine bile are given in Table  2.2 . Surprisingly, the bovine bile 
is a closer match to human than porcine bile, at least in terms of tauro- and glyco- 
cholate. The bile will also contain phospholipids and cholesterol in suffi cient 
 quantity for the digestion.
 In a typical example of intestinal simulation, 20 mL of gastric chyme is mixed 
with 11 mL of SIF electrolyte stock solution, 5.0 mL of a pancreatin solution 
800 U/mL made up in SIF electrolyte stock solution based on trypsin activity, 
2.5 mL fresh bile (based on 160 mM fresh bile), 40 μL of 0.3 M CaCl 2 , 0.15 mL of 
1 M NaOH to reach pH 7.0 and 1.31 mL of water. Verifi cation of the pH is recom-
mended to determine the amount of NaOH/HCl required in a test experiment prior 
to digestion. In this way base/acid can be added more rapidly and followed by fi nal 
verifi cation of the pH. 
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2.5  Practicalities 
 The outline method given above gives the general approach that should be used in 
terms of enzymes, their activities, ionic composition and endogenous surfactants. 
However, there are some practicalities that need to be taken into account when exe-
cuting the method. For example the simulated digestion fl uids (SSF, SGF and SIF) 
are made up using the electrolyte stock solutions given in Table  2.3 , enzymes, bile, 
CaCl 2 and water. The volumes are calculated for a fi nal volume of 500 mL for each 
simulated fl uid. However, we recommend making up the stock solution with dis-
tilled water to 400 mL, i.e. 1.25 times concentrated, for storage at −20 °C. The addition 
of enzymes, bile, Ca 2+ solution etc. and water will result in the correct electrolyte 
 Table 2.2  The approximate bile acid composition of human, bovine and porcine bile 
 Bile acid  Human bile (%)  Bovine bile (%)  Porcine bile (%) 
 Taurohyodeoxycholate  0  0  37 
 Glycohyodeoxycholate  0  0  34 
 Taurocholate  11  31  0 
 Glycocholate  26  46  0 
 Taurochenodeoxycholate  13  2  2 
 Glycochenodeoxycholate  25  3  26 
 Taurodeoxycholate  5  8  0 
 Glycodeoxycholate  11  10  0 
 Other  9  0  0 
 Table 2.3  Preparation of stock solutions of simulated digestion fl uids 
 Salt 
 Stock conc. 
 SSF  pH 7  SGF  pH 3  SIF  pH 7 
 Vol of 
stock 
 Conc. in 
SSF 
 Vol of 
stock  Conc. in SSF 
 Vol of 
stock 
 Conc. in 
SSF 
 g/L  mol/L  mL  mmol/L  mL  mmol/L  mL  mmol/L 
 KCl  37.3  0.5  15.1  15.1  6.9  6.9  6.8  6.8 
 KH 2 PO 4  68  0.5  3.7  3.7  0.9  0.9  0.8  0.8 
 NaHCO 3  84  1  6.8  13.6  12.5  25  42.5  85 
 NaCl  117  2  –  –  11.8  47.2  9.6  38.4 
 MgCl 2 (H 2 O) 6  30.5  0.15  0.5  0.15  0.4  0.12  1.1  0.33 
 (NH 4 ) 2 CO 3  48  0.5  0.06  0.06  0.5  0.5  –  – 
 For pH adjustment 
 NaOH  1  –  –  –  –  –  – 
 HCl  6  0.09  1.1  1.3  15.6  0.7  8.4 
 CaCl 2 (H 2 O) 2 is not added to the simulated digestion fl uids, see legend 
 CaCl 2 (H 2 O) 2  44.1  0.3  1.5 (0.75) a  0.15 (0.075) a  0.6 (0.3) a 
 a In brackets is the corresponding Ca 2+ concentration in the fi nal digestion mix 
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concentration in the fi nal digestion mixture. CaCl 2 is not added to the electrolyte 
stock solutions as precipitation may occur. Instead, it is added to the fi nal mixture 
of simulated digestion fl uid and food.
2.6  Sampling 
 The way that sampling should be done depends on the nature of the study and should 
be carefully considered for each study. For example, it may be advisable to have indi-
vidual sample tubes for each time point rather than withdrawing samples from the 
reaction vessel. Also, it may be important to sample at multiple time points through 
both gastric and intestinal phases or it may only be necessary at the end of digestion. 
Regardless of such questions, the way in which the reactions are stopped will depend 
on what the samples will be subsequently required for. The following are some 
recommendations to inhibit further enzyme action in the digesta samples:
•  Snap freezing of samples is recommended in liquid nitrogen immediately after 
the reaction for further analysis. It should be born in mind that enzymes will 
continue to act, even in frozen samples albeit slowly. Therefore the colder the 
sample is stored the better. 
•  If samples are sent to other labs, i.e. by courier or by post, the digestion should 
be stopped completely and for this, the following procedures are recommended:
 –  Neutralize the pH in the gastric phase by adding 0.5 M sodium bicarbonate. 
This will inactivate the pepsin before snap-freezing in liquid nitrogen and 
subsequent storage and/or freeze drying. 
 –  Addition of protease inhibitor (e.g. 1 mM 4-(2-aminoethyl) benzenesulfonyl 
fl uoride hydrochloride [AEBSF], Roche or similar), snap freezing in liquid 
nitrogen and subsequent freeze drying of samples. 
2.7  Conclusions 
 The InfoGest harmonised static digestion simulation method has been endorsed by 
a wide range of international experts. We have endeavoured to make it as physiolog-
ically relevant as a static model can be but readers should bear in mind that it is still 
only a simplifi ed model. The main limitations of such a simplifi ed model are the 
fi xed pH and duration of the various phases. However, this can also be seen as an 
advantage in terms of consistency and comparability. The other potentially prob-
lematic issue is the lack of an adsorption step but there are now a number of cellular 
systems where this aspect can be investigated. It is hoped that this simple model will 
be widely adopted, allowing faster progress when developing healthier foods and 
more effective bioactives. 
A. Mackie and N. Rigby
21
 Open Access This chapter is distributed under the terms of the Creative Commons Attribution 
Noncommercial License, which permits any noncommercial use, distribution, and reproduction in 
any medium, provided the original author(s) and source are credited. 
 References 
 Anson ML (1938) The estimation of pepsin, trypsin, papain, and cathepsin with hemoglobin. J Gen 
Physiol 22(1):79–89 
 Anson M, Mirsky A (1932) The estimation of pepsin with hemoglobin. J Gen Physiol 16(1):59–63 
 Armand M, Hamosh M, DiPalma JS, Gallagher J, Benjamin SB, Philpott JR, Lairon D, Hamosh P (1995) 
Dietary fat modulates gastric lipase activity in healthy humans. Am J Clin Nutr 62(1):74–80 
 Bergmeyer HU, Gawehn K, Williamson DH, Lund P (1974) Methods of enzymatic analysis, vol 1. 
Academic, New York, USA 
 Bernfeld P (1955) Amylases, α and β. In: Methods in enzymology, vol 1. Academic, New York, 
USA, pp 149–158 
 Bornhorst GM, Hivert H, Singh RP (2014) Rice bolus texture changes due to α-amylase. LWT- Food 
Sci Technol 55(1):27–33 
 Carrière F, Moreau H, Raphel V, Laugier R, Benicourt C, Junien JL, Verger R (1991) Purifi cation 
and biochemical characterization of dog gastric lipase. Eur J Biochem 202(1):75–83 
 Collins B, Watt P, O’Reilly T, McFarland R, Love A (1984) Measurement of total bile acids in 
gastric juice. J Clin Pathol 37(3):313–316 
 Dressman JB, Berardi RR, Dermentzoglou LC, Russell TL, Schmaltz SP, Barnett JL, Jarvenpaa 
KM (1990) Upper gastrointestinal (GI) pH in young, healthy men and women. Pharm Res 
7(7):756–761 
 Hoebler C, Karinthi A, Devaux M, Guillon F, Gallant D, Bouchet B, Melegari C, Barry J (1998) 
Physical and chemical transformations of cereal food during oral digestion in human subjects. 
Br J Nutr 80:429–436 
 Humphrey SP, Williamson RT (2001) A review of saliva: normal composition, fl ow, and function. 
J Prosthet Dent 85(2):162–169 
 Kalantzi L, Goumas K, Kalioras V, Abrahamsson B, Dressman JB, Reppas C (2006) Characterization 
of the human upper gastrointestinal contents under conditions simulating bioavailability/bio-
equivalence studies. Pharm Res 23(1):165–176 
 Kopf-Bolanz KA, Schwander F, Gijs M, Vergères G, Portmann R, Egger L (2012) Validation of an 
in vitro digestive system for studying macronutrient decomposition in humans. J Nutr 
142(2):245–250 
 Lee JY, Chung JW, Kim YK, Chung SC, Kho HS (2007) Comparison of the composition of oral muco-
sal residual saliva with whole saliva. Oral Dis 13(6):550–554. doi: 10.1111/j.1601-0825.2006.01332.x 
 Macierzanka A, Sancho AI, Mills ENC, Rigby NM, Mackie AR (2009) Emulsifi cation alters simu-
lated gastrointestinal proteolysis of b-casein and b-lactoglobulin. Soft Matter 5(3):538–550 
 Mandalari G, Mackie AM, Rigby NM, Wickham MS, Mills EN (2009) Physiological phosphati-
dylcholine protects bovine beta-lactoglobulin from simulated gastrointestinal proteolysis. Mol 
Nutr Food Res 53(Suppl 1):S131–S139 
 Minekus M, Alminger M, Alvito P, Ballance S, Bohn T, Bourlieu C, Carrière F, Boutrou R, Corredig 
M, Dupont D, Dufour C, Egger L, Golding M, Karakaya S, Kirkhus B, Le Feunteun S, Lesmes 
U, Macierzanka A, Mackie AR, McClements DJ, Ménard O, Recio I, Santos CN, Singh RP, 
Vegarud GE, Wickham MSJ, Weitschies W, Brodkorb A (2014) A standardised static in-vitro 
digestion method suitable for food – an international consensus. Food Funct 5:1113–1124 
 Peyron MA, Mishellany A, Woda A (2004) Particle size distribution of food boluses after mastica-
tion of six natural foods. J Dent Res 83(7):578–582 
 Sarkar A, Goh KK, Singh H (2009) Colloidal stability and interactions of milk-protein-stabilized 
emulsions in an artifi cial saliva. Food Hydrocolloids 23(5):1270–1278 
2 InfoGest Consensus Method
22
 Ulleberg EK, Comi I, Holm H, Herud EB, Jacobsen M, Vegarud GE (2011) Human gastrointestinal 
juices intended for use in in vitro digestion models. Food Digestion 2(1–3):52–61 
 Versantvoort CH, Oomen AG, Van de Kamp E, Rompelberg CJ, Sips AJ (2005) Applicability of an 
in vitro digestion model in assessing the bioaccessibility of mycotoxins from food. Food Chem 
Toxicol 43(1):31–40 
 Walsh KA, Wilcox PE (1970) Serine proteases. In: Gertrude E, Perlmann LL (eds) Methods in 
enzymology, vol 19. Academic, New York, USA, pp 31–41 
A. Mackie and N. Rigby
